ABSTRACT: The green turtle Chelonia mydas is a circumglobal species that is susceptible to overexploitation as a food resource and incidental mortality in fisheries. Efforts to recover regional green turtle populations have been hampered by a lack of information on their biology. In particular, turtle movements and home ranges in neritic foraging habitats are not well understood. Thus, wildlife managers cannot accurately determine the habitat needs of green turtle populations. To address these understudied aspects, we carried out the first ever investigation of green turtle home range in neritic foraging habitats of the eastern Pacific Ocean. Twelve turtles, ranging from 50.9 to 82.5 cm in straight carapace length and from 17 to 70 kg in mass, were tracked with radio and sonic telemetry for 34 to 96 d at the Bahía de los Angeles foraging area in the Gulf of California, Mexico. Home range areas determined with minimum convex polygon and fixed kernel density estimator methods ranged from 584 to 3908 ha (mean = 1662 ± 324 ha) and 409 to 3231 ha (mean = 1537 ± 280 ha), respectively. There was no evidence that straight carapace length, mass, sex, tracking duration or number of re-sightings influenced the size of the home range. Green turtle home ranges contained from 1 to 3 activity centers ranging from 3.8 to 642.2 ha in area (mean = 178.8 ± 62.0 ha). Turtles were re-sighted in all depth-class regions (0 to 10 m to 40+ m) in the study area but were not found with equal frequency among these regions. The distribution of re-sightings among depth classes varied significantly between diurnal (05:00 to 18:59 h) and nocturnal (19:00 to 04:59 h) periods. While the greatest frequency of diurnal re-sightings occurred in the 10 to 20 m depth class, nocturnal encounters were most frequent in the 0 to 10 m depth class. This study shows that Bahía de los Angeles remains an important feeding ground; thus, underscoring the need to develop conservation strategies that address the impacts of ongoing commercial marine-algae harvests and net fisheries that threaten green turtles in this region. 
INTRODUCTION
Green turtles Chelonia mydas occur in tropical and subtropical regions throughout the world's oceans. Due to overexploitation of eggs and turtles as a food resource and, to a lesser extent, incidental mortality relating to marine fisheries and degradation of marine and nesting habitats, populations have declined throughout the world (Groombridge & Luxmoore 1989 , Limpus 1995 . Green turtles are currently listed as endangered in the World Conservation Union (IUCN) Red Data Book (Hilton-Taylor 2000) and are included in Appendix 1 of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). Despite a worldwide increase in research and conservation of green turtles, their foraging biology and habitat requirements remain poorly understood (Bjorndal 1997) .
In the eastern Pacific Ocean, green turtles (also known as black turtles) have experienced substantial declines due to human overexploitation (Caldwell 1963 , Cliffton et al. 1982 , Figueroa et al. 1993 . The annual nesting population at the primary rookery in Michoacán was estimated at ~25 000 females in the early 1970s (Cliffton et al. 1982 ) but has since dropped to fewer than 500 females (Alvarado-Díaz et al. 2001) . The decline has been largely attributed to continued harvest of green turtles from neritic habitats of the eastern Pacific Ocean, particularly near Baja California (Alvarado & Figueroa 1992 , Seminoff 2000 , Gardner & Nichols 2001 . Despite calls for increased protection (National Marine Fisheries Service and US Fish and Wildlife Service 1998), conservation efforts have been hindered by a poor understanding of the critical foraging grounds and the patterns of habitat use in this region.
Like most sea turtles, green turtles are migratory and use a wide range of broadly separated localities and habitats during their lifetime (for review see Hirth 1997) . Upon leaving the nesting beach, it has been hypothesized that hatchlings begin an oceanic phase, perhaps floating passively in major current systems (gyres) for several years (Carr & Meylan 1980 , Carr 1987 . These turtles are then thought to recruit from oceanic waters to neritic developmental habitats rich in seagrass and/or marine algae, where they forage and grow until maturity (Musick & Limpus 1997) . Upon attaining sexual maturity, green turtles commence breeding migrations between foraging grounds and nesting areas that are undertaken in multiple year intervals (Hirth 1997) . Migrations are carried out by males and females, and may traverse oceanic zones, often spanning 1000s of km (Carr 1986 , Mortimer & Portier 1989 . During non-breeding periods adults reside at neritic feeding grounds that may coincide with juvenile developmental habitats (Limpus et al. 1994) .
A fundamental biological component of green turtles resident to neritic habitats is the use of a home range, defined as the area traversed by an animal during normal daily activities, excluding migrations or erratic movements (Bailey 1984) . Defining a home range requires the repeated sighting of individuals over extended time intervals (White & Garrott 1990) . Because sea turtles spend 99% of their lives underwater, home range studies require remote telemetry or in-water capture programs that are both labor-intensive and expensive. Few investigations have been undertaken as a result. Home ranges of green turtles in Florida (Mendonca 1983) , Texas (Renaud et al. 1995) and Australia (Whiting & Miller 1998) have been studied using radio and sonic telemetry. Additionally, Renaud & Carpenter (1994) used positions obtained from satellite telemetry to determine home ranges of loggerhead turtles in the Gulf of Mexico, and van Dam & Diez (1998) evaluated home range areas for hawksbill turtles in Puerto Rico based on mark-recapture and sonic telemetry data.
A variety of techniques have been developed to evaluate home ranges but few have been applied to sea turtles. The minimum convex polygon (MCP) technique, which identifies home range as the area within the polygon formed by joining the outermost re-sighting positions of an animal (Burt 1943) , has been most commonly applied (Mendonca 1983 , Renaud & Carpenter 1994 , Renaud et al. 1995 , Whiting & Miller 1998 . Although the MCP calculation is very intuitive, this approach is highly sensitive to outlying observations and is constrained by its inability to identify finescale spatial use patterns within the home range boundary (White & Garrott 1990) . In contrast, novel non-parametric methods have been developed to identify 1 or more areas of disproportionately heavy use (i.e. core areas) within a home range boundary (for review see Worton 1987 , 1989 , White & Garrott 1990 ). For instance, Renaud & Carpenter (1994) used the harmonic mean estimator (Dixon & Chapman 1980) to reveal up to 3 core patches for loggerhead sea turtles in the Gulf of Mexico. However, although the harmonic mean estimator is able to highlight discontinuities in spatial use within home range boundaries, it is sensitive to outlying re-sightings and is thus prone to overestimating home range size (Seaman & Powell 1996) . More recently, non-parametric kernel approaches have been developed (Worton 1987 (Worton , 1989 that can reveal multiple core areas and appropriately weigh outlying observations. Seaman & Powell (1996) evaluated the fixed kernel density (FKD) estimator and suggested this approach is the most accurate home range assessment technique. In marine ecosystems, kernel methods have been used to delineate the foraging grounds of satellite tracked seabirds (GonzalezSolis et al. 2000 , Hyrenbach et al. 2002 , and although the FKD estimator has not yet been used extensively with water-borne marine organisms, it represents a promising technique for estimating sea turtle home range.
Understanding spatial use patterns of sea turtles is fundamental to their conservation. Knowledge about home ranges can identify critical habitats and guide decisions regarding the management of endangered populations (Bailey 1984) . Thus, home range study should be an important component of any green turtle recovery effort. In this paper, we describe the home ranges of green turtles at a coastal foraging area in the central Gulf of California. Green turtles were tracked with radio and sonic telemetry, and home range areas were determined with both the MCP and FKD methods. This is the first study of green turtle home range in the eastern Pacific Ocean and, to our knowledge, the first application of non-parametric kernel density estimators for study of sea turtle home ranges.
MATERIALS AND METHODS
Study area. The study was conducted from August 1997 to August 2000 at Bahía de los Angeles (28°58' N, 113°33' W), a NNE-oriented bay along the western coast of the Baja California peninsula, Mexico (Fig. 1) . Bahía de los Angeles is ~60 km 2 in area, and characterized by strong tidal mixing and upwelling, which supports productive marine benthic communities (Bray & Robles 1991) . This foraging ground contains 3 main marine algae localities: (1) La Gringa, a south-facing protected cove at the northern boundary of the study area with multiple stands of red and brown algae; (2) El Bajo, an extensive shallow water (<10 m) region along the western edge of the study site that supports the area's largest perennial red algae pasture; and (3) El Rincon, a horseshoe-shaped bay marking the southern boundary of the study area that hosts winter annual stands of red algae. A series of 17 islands line the eastern portion of Bahía de los Angeles and separate this feeding area from deep offshore waters of the central Gulf of California. Benthic habitats at these islands are characterized by boulder fields that steeply descend 40 to 50 m to the soft-bottomed sea floor. Marine invertebrates such as gorgonians and soft corals are abundant (Brusca 1980) . Habitat characteristics of Bahía de los Angeles are further described in Seminoff (2000) . Turtle capture and measurement. We captured green turtles with entanglement nets (100 × 8 m, mesh size = 50 cm stretched) placed along the shallow perimeter of the study area. Distance of netting sites from shore ranged from 50 to 750 m and water depth ranged from 2 to 27 m. Nets were set during both day and night, and monitored at 0.5 h intervals. Upon capture, turtles were transported 1 to 8 km to a holding facility where they were measured, weighed and tagged.
Straight carapace length (SCL; ± 0.1 cm) was measured from the nuchal notch to the posterior-most portion of the rear marginals using a forester's caliper. We measured tail length (TL; ± 1.0 cm) from the tip of the tail to the trailing edge of the carapace using a flexible tape measure. Green turtles possessing an elongated tail (TL ≥ 20 cm) were classified as male (Wibbels 1999) . Sex was undetermined for individuals with nonelongated tails (TL < 20 cm). Turtles were weighed to the nearest kg using a 150 kg spring balance and tagged with Inconel tags (Style 681, National Band and Tag), in the first large proximal scale of each rear flipper.
Tracking. Green turtles were instrumented with a very high frequency (VHF) radio transmitter (MOD 400, Telonics) and a sonic transmitter (V16, VEMCO or DT96, Sonotronics). We attached VHF transmitters to the crown of the carapace using fiberglass cloth and resin (Balazs et al. 1996) . The anterior and posterior ends of VHF transmitters were fit with fairings made with 10 min quick-set putty to reduce hydrodynamic drag. Sonic transmitters were affixed to the carapace posterior with electrician 'tie-wraps' fit through two 3 mm diameter holes drilled in the marginal scutes (Renaud et al. 1995) . Location of transmitters did not Instrumented turtles were released at their initial capture site within 24 h and tracking began after a 24 h acclimation period. We attempted to re-sight each turtle at least once a day during the tracking season or until it was determined that transmitters had detached. We used a VHF receiver (TR-4, Telonics) with a 3-element Yagi antenna to determine the general location of each turtle. Maximum reception range of VHF transmissions was ~12 km but the origin of transmission became indistinguishable within ~0.25 km of tracked turtles. We therefore pinpointed a turtle's location using sonic telemetry. Sonic transmissions were monitored with a sonic receiver (VR60, VEMCO) with a directional hydrophone. Maximum reception range of sonic signals was ~2 km and signal origin was distinguishable to within ~5 m of tracked turtles. Sonic tracking was used exclusively when a turtle had lost its VHF tag but retained its sonic tag. A 12 ft (3.6 m) inflatable boat (Achilles) with 25 hp outboard motor was used for all tracking efforts. To minimize disturbance to the turtles, each re-sighting position was determined by maneuvering the tracking vessel to within 10 to 20 m of the turtle and recording the location of the tracking vessel with a global positioning system (Garmin; error range = ±3 to 12 m). Distances from telemetered turtles were determined through direct observation of surfacing turtles or estimated from the strength of the sonic signal at 1/10 gain with a directional hydrophone.
The water depth at each re-sighting coordinate was determined with a bathymetric chart of the study area and classified as occurring within 1 of 5 depth classes that are delineated on the chart: 0-10, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Water temperatures were logged continuously in 3 regions of the bay using remote temperature sensors (Onset Computers; Fig. 1 ).
Analysis of home range area. We estimated home range areas with the MCP (Burt 1943) and FKD (Worton 1987 (Worton , 1989 ) methods using the animal movement analyst extension (US Geological Survey, Anchorage, Alaska; www.absc.usgs.gov/glba/gistools/#animal) for the ArcView version 3.1 geographic information system (GIS) software (Environmental Research Systems Institute; www.esri.com/software/arcview). Minimum convex polygon areas were based on the 100% outer edges. Fixed kernel home ranges were calculated with least-square cross validation as a smoothing parameter (Silverman 1986 , Seaman & Powell 1996 . A 95% utilization distribution (UD) was used to estimate the overall home range used by a turtle, whereas a 50% UD was used to establish the core area of activity (Worton 1989 , White & Garrott 1990 . To minimize serial correlation, home range analyses included re-sighting positions temporally separated by ≥ 4 h (Swihart & Slade 1985 , Hansteen et al. 1997 , Schmid et al. 2002 .
Statistical methods. The relationship between home range size (log MCP and log FKD) and home range predictors (year, log SCL, log mass, sex, tracking duration and number of re-sightings) was analyzed statistically using general linear modeling (GLM; see Cohen & Cohen 1983) . The MCP and FKD home range area estimates for each individual turtle were compared with a Wilcoxon rank sum test. To examine how each home range area estimate was influenced by the duration of tracking, we plotted the percent of the final MCP area estimate for each turtle as a function of the tracking interval (i.e. increment plots; Kenward 2001 ). An asymptote of this relationship indicates a robust home range estimate (Kenward 2001) . A mean increment plot for all turtles was used to identify the overall relationship between the number of tracking days and the MCP home range area. A Pearson Chi-square test was used to determine if the frequency of re-sightings was equal among depth classes during the diel (24 h), diurnal (05:00 to 18:59 h) and nocturnal (19:00 to 04:59 h) periods. We compared the distributions of resightings among depth classes for the diurnal versus nocturnal periods using the Kolmogorov-Smirnov 2-sample test. Statistical analyses were conducted with the JMP software (SAS Institute 1996) . Mean values and standard errors (± SE) are reported throughout this paper.
RESULTS

Tracking effort
A total of 12 green turtles ranging from 50.9 to 82.5 cm in straight carapace length and 16.8 to 70.4 kg in mass were tracked (Table 1) . Three individuals were identified as males (CM2, CM8 and CM11) and the genders of the remainder were not classified. These turtles were captured at 6 different localities (Fig. 2) and tracked for 34 to 96 d (mean = 59.7 ± 5.4 d). One turtle was tracked from August to October 1997, 5 between June and October 1998, 5 between June and September 1999, and 1 from July to August 2000 (Table 1 ). Sea surface temperatures during these tracking periods ranged from 23.0 to 29.1°C.
A total of 444 re-sightings occurred during the study: 370 in daylight and 74 at night. Individual turtles were re-sighted from 16 to 61 times (mean = 37.1 ± 4.2 resightings; Table 1 ). Tracking of 5 turtles was ceased due to the termination of research seasons (CM1, CM3, CM6, CM9 and CM12). On 3 occasions, tracking was inhibited by the premature detachment of the VHF and sonic transmitters (CM5, CM10 and CM11). Transmissions of 4 turtles ceased for unknown reasons, but it is likely that these individuals either departed the study area or were poached (CM2, CM4, CM7 and CM8; see Seminoff 2000) .
Home range area
There was substantial variation in home range size and shape among the 12 green turtles tracked during this study (Fig. 2a,b) . Minimum convex polygon and FKD home range estimates ranged from 584 to 3908 and 409 to 3231 ha, respectively (Table 1) . Mean MCP area (1662 ± 324 ha) was slightly larger than mean FKD area (1537 ± 280 ha) but the medians were not different (Z = -0.36, p = 0.76). Home ranges were smallest among turtles whose movements were restricted to nearshore habitats in the El Bajo and La Gringa nearshore localities (CM1, CM3 and CM7). The largest home ranges were exhibited by turtles that moved between the marine algae pastures at El Rincon and El Bajo (CM4, CM5 and CM8), and turtles that commuted between insular and peninsular activity centers (CM2, CM6 and CM9).
Increment plots for the 12 green turtles tracked during this study are presented in Fig. 3 . Among these, the home range of CM10 was the quickest to stabilize (Day 18 of 34 total tracking days) and the home range of CM3 was the slowest (Day 76 of 96 total tracking days). Three increment plots did not reach an asymptote (CM1, CM7 and CM12); however, these plots appear to approach stabilization, and therefore we believe that the respective home range estimates provide a reasonable measure of the home ranges used by these individuals. The mean incremental area plot for all turtles is shown in Fig. 4 .
The GLM model regression analysis indicates that the home range estimates as determined with the MCP and FKD methods were independent of year of tracking effort, SCL, mass, sex, tracking interval and number of re-sightings (R 2 MCP = 0.56, p = 0.81; R 2 AK = 0.29, p = 0.98). Moreover, when inspected individually no single covariate had a significant effect on home range area ( Table 2 ). The relationships between straight carapace length, mass, tracking interval, and number of resightings and home range areas are plotted in Fig. 5 . 
Activity centers
Green turtle re-sighting positions were not uniformly distributed within the boundaries of their respective home ranges. All turtles exhibited disproportionately heavy use of peninsular shallows and/or insular near-shore habitats. Most turtles exhibited an affinity for a single activity center but 3 individuals (CM2, CM6 and CM9) moved between 2 activity centers, and 1 (CM7) used 3 activity centers (Fig. 2a,b) . Activity centers varied in size, ranging from 3.8 to 642.2 ha (mean = 178.8 ± 62.0 ha) and encompassed from 0.6 to 19.9% (mean = 10.3 ± 2.0%) of the respective FKD total area for each turtle. Among the home ranges that included 2 or more activity centers, the mean distance between activity centers was 2948 ± 453 m (range = 1859 to 4285 m). Activity centers were found in all subregions with those of 8 turtles (CM2, CM3, CM4, CM5, CM7, CM9, CM10 and CM12) present at the El Bajo marine algae pasture; of 3 turtles at the Islands (CM2, CM6 and CM9); of 2 turtles at La Gringa (CM1 and CM11); and of 1 turtle (CM8) at El Rincon (Table 3) .
Water depth at re-sighting locations
Seven of the 12 green turtles tracked during this study were encountered at least once in each of the 5 depth-class regions in the study area; the remaining 5 individuals (CM1, CM3, CM7, CM8 and CM10) were re-sighted in all but the deepest (40+ m) depth-class region (Fig. 6) . Despite the widespread nature of re-sightings among the depth-class regions within Bahía de los Angeles, green turtles were not found with equal frequency among these regions during any temporal period (χ Whereas the greatest proportion of resightings during the diurnal period (28.25 ± 0.06%) was in the 10 to 20 m depth class, the greatest proportion during the nocturnal period (38.66 ± 0.09%) was in the 0 to 10 m depth class (Fig. 7) . The greatest frequency of resightings within the shallowest depth class (0 to 10 m) was during the nocturnal period for all but 3 individuals (CM5, CM6 and CM12; Fig. 6 ).
DISCUSSION
The home ranges described in Bahía de los Angeles represent the first information on the scale of the movements and the habitat use of green turtles in neritic foraging habitats of the eastern Pacific Ocean. Sustained reductions of green turtle numbers in the Gulf of California may hinder future research in this region; nonetheless, we encourage additional studies using similar techniques to provide comparisons with the home ranges and habitat use patterns described here.
Habitat use
Green turtles were tracked in a variety of habitats throughout Bahía de los Angeles but were most commonly found along the shallow nearshore margins of the study area, particularly near El Bajo. The importance of this area is underscored by the overlap of the MCP home ranges of 11 of the 12 green turtles tracked during this study, and by the presence of core areas of 6 of these individuals at this site. Both telemetered and nontelemetered green turtles have been seen congregating in this area daily (J. A. Seminoff pers. obs.). Moreover, Seminoff (2000) reported that the El Bajo capture site had the highest catch per unit effort and greatest green turtle recapture rate during 7 yr of in-water capture efforts at Bahía de los Angeles. The abundance of food resources likely accounts for green turtle affinity for this locality. El Bajo contains the most extensive 260 shallow water habitat in Bahía de los Angeles and hosts the largest marine algae pasture in the area (Pacheco-Rúiz et al. 1999) . Dense algal stands dominated by Gracilariopsis lemaneiformis and Gracilaria robusta extend over ~6 ha (Pacheco-Rúiz et al. 1999) . Seminoff et al. (2002) report that these red algae are the most common species consumed by green turtles in Bahía de los Angeles. Although primary diet constituents may vary regionally among different foraging areas (for review see Bjorndal 1997) , the affinity with areas characterized by large patches of algae observed in this study is consistent with reports from other green turtle foraging grounds (Ogden et al. 1983 , Whiting & Miller 1998 .
The timing of green turtle movements into nearshore habitats may be related to human activity. Whereas heavy boat traffic and fishing pressure in these areas occurred daily from sunrise to ~1 h before sunset (J. A. Seminoff pers. obs.), green turtles were more consistently re-sighted in the shallowest waters (0 to 10 m depth) in the evening and at night. This temporal dichotomy suggests that green turtles may be purposefully avoiding these human activities. Similarly, Balazs et al. (1987) reported that Hawaiian green turtles visited nearshore foraging habitats primarily during nocturnal periods and suggested that this was a human avoidance tactic. Renaud et al. (1995) radio-tracked juvenile green turtles in the Gulf of Mexico and found that they associated more commonly with jetties that were not used heavily by people.
Green turtle movements over nearshore algae pastures are likely linked to foraging behavior, but their use of adjacent shallow-water habitats and deeper offshore areas devoid of algae is less clear. One of the major limitations of conventional radio and sonic telemetry is the lack of data on the vertical movement patterns. Therefore, it is not possible to unequivocally determine the behavior of the telemetered turtles when they are below the ocean surface. Nevertheless, we believe excursions away from algal pastures are associated with resting and/or foraging.
Departure from foraging pastures en route to resting sites has been shown for green turtles in Hawaii (Brill et al. 1995 ) and the US Virgin Islands (Ogden et al. . Mendonca (1983) showed that Florida green turtles fed on seagrass flats in mid-morning and midafternoon, and moved into deeper water during midday hours for resting. However, based on resting depth data from other studies, re-sightings in the deepest portions of Bahía de los Angeles are very likely not linked to resting behavior. Hays et al. (2000) have shown that adult green turtles in interesting habitat at Ascension Island typically rest at depths between 18 and 20 m. Similarly, a sub-adult Hawaiian green turtle rarely exhibited resting behavior in depths >14 m (Rice et al. 2000) . Green turtles observed over deep waters of Bahía de los Angeles may thus have been moving between the primary foraging pastures or commuting to shallower foraging or resting sites at the islands. Traversal of waters > 30 m deep would be required for the 3 turtles (CM2, CM6 and CM9) that moved between El Bajo and activity centers at the island sites and the 4 turtles (CM4, CM5, CM8 and CM11) that moved between the El Bajo and El Rincon algae pastures.
The recovery of deep-water benthic invertebrates in diet samples suggests that green turtles may also forage in the deep mid-bay waters of Bahía de los Angeles (Seminoff et al. 2000 (Seminoff et al. , 2002 . However, it is unknown whether these areas are visited specifically for foraging or whether green turtles opportunistically forage in deep-benthic habitats during commuting movements. Regardless, foraging on non-algal foods may be nutritionally beneficial to green turtles; thus, offsetting the costs of movement to, and deep diving in, these areas. Mixed diets have been shown for green turtles at a variety of foraging grounds with conventional diet analysis (for review see Bjorndal 1997 ) and more recently using stable isotope analysis (Godley et al. 1998) . Nonadditive benefits of ingesting a mixed diet have been shown for freshwater turtles (Bjorndal 1991) . In particular, invertebrate foods perhaps make a major contribution of vitamins, trace minerals or essential amino acids for herbivorous green turtles (Bjorndal 1990 , Hirth et al. 1992 ).
Home range size
There are few home range estimates for green turtles but those available describe substantially smaller MCP areas than found in this study (mean = 1662 ha). Mendonca (1983) , for instance, found summer home ranges of immature Chelonia mydas from 48 to 506 ha in a Florida lagoon. Renaud et al. (1995) described home ranges of 22 to 311 ha for juvenile green turtles in the Gulf of Mexico, and Whiting & Miller (1998) reported short-term foraging ranges from 84 to 850 ha for adult green turtles in Australia. Comparisons among these studies should, however, be made with caution as each study tracked different-sized green turtles within distinct foraging habitats and for varying durations.
The large size of Bahía de los Angeles and the scattered distribution of marine algae pastures may explain the large home ranges of green turtles described in this study. Bahía de los Angeles is roughly 60 km 2 ; the 3 primary algae pastures along the peninsula are separated by a minimum of 8 km (Pacheco-Ruiz et al. 1999 ) and occur at least 5 km from insular habitats. Green turtles moving among these areas must therefore traverse large open water stretches. In contrast, Mendonca (1983) described green turtle home ranges in a Florida lagoon that was 54 km long, but only 4 km wide at its widest point. Renaud et al. (1995) carried out their study at jetty habitats in the Gulf of Mexico where home ranges of tracked green turtles were likely restricted by the narrow size of the jetty channels. Moreover, the largest turtle in the Gulf of Mexico study (47.9 cm SCL; Renaud et al. 1995) was notably smaller than the smallest individual tracked in Bahía de los Angeles (50.9 cm SCL). Although the present study does not show a significant size effect on home range area, turtle size has been shown to affect home range when small juveniles and larger sub-adults are tracked and analyzed together (Mendonca 1983) .
In general, green turtle home ranges are substantially smaller than those reported for loggerhead turtles (Renaud & Carpenter 1994 ) but larger than those described for immature hawksbill turtles (van Dam & Diez 1998) . Whereas green turtle home range sizes reported here and elsewhere range from 22 to 3908 ha, loggerhead turtle home ranges in the northern Gulf of Mexico were 95 400 to 2 883 300 ha (Renaud & Carpenter 1994) and immature hawksbill turtle home ranges at Mona Island, Puerto Rico were 7 to 21 ha (van Dam & Diez 1998) . The differences in home range size observed in these studies may be related to varying foraging ecologies, individual sizes, and/or marine zones inhabited by the tracked turtles. However, although the potential effects of these intrinsic and extrinsic factors are intriguing, additional data for each species are needed to further elucidate interspecies differences in home range area.
Seasonality of home range size
As ectotherms, sea turtles are constrained by climatic as well as physical factors affecting the surrounding environment (Spotila et al. 1997 ). At Bahía de los Angeles, seasonal climatic changes may elicit seasonal variation in green turtle activity. This is one of the northernmost major foraging areas for green turtles in the eastern Pacific Ocean and, as a temperate marine ecosystem, experiences substantial seasonal fluctuations in ocean temperature. While summer sea surface temperature at Bahía de los Angeles approaches 30.0°C, winter sea surface temperature drops below 14.5°C (Seminoff 2000) . Although the implications of changing ocean temperature are not fully understood, it is likely that green turtles inhabiting temperate foraging grounds exhibit seasonal changes in home range size and scale of movements. For instance, green turtles at an adjacent foraging area in the Gulf of California exhibited overwintering torpor during cold-water periods (Felger et al. 1976 ). In the present study, seasonal differences in home range could not be investigated as all turtles were only tracked during summer (June to October). We therefore stress that the spatial scale of home range and movements reported here may be specific to warmwater periods only.
Effect of tagging
Because telemetered specimens are studied for the purpose of extrapolation to untagged individuals, it is important to consider the extent to which results are biased by the effects of the telemetry package. We believe the transmitters used in this study had negligible effects on the home range of green turtles examined during this study because of the following: (1) telemetered turtles seemed to exhibit normal behavior, swimming ability and physical appearance; (2) during tracking efforts, turtles returned to areas of initial capture, suggesting that the transmitters and the tagging experience left no lasting effect on habitat use patterns; (3) the maximum weight of transmitter packages during this study was 1.2% of body mass, and studies on fish (Mellas & Haynes 1985) have shown that a transmitter will not cause negative effects if its weight is less than 2% of the tracked individual's body mass; (4) the use of transmitter fairings as applied to the VHF transmitters used in this study has been shown to substantially reduce hydrodynamic drag of backpack mounted satellite transmitters in experimental conditions (Watson & Granger 1998) ; and (5) during tracking sessions, both telemetered and nontelemetered turtles were seen in the same areas exhibiting roughly similar surface behavior, even swimming within meters of our tracking vessel; thus, suggesting negligible effects of the transmitter packages.
Use of multiple home range estimators
A variety of analytical techniques have been developed to evaluate home range size and activity patterns but few have been applied to sea turtles. Our use of MCP and FKD home range estimator methods provided 2 alternate descriptions of green turtle home range. Despite the lack of a significant difference in median home range size between the 2 estimates, there were substantial differences in their descriptive properties. The FKD technique revealed up to 3 areas of disproportionately high use (i.e. core areas) per home range and did not incorporate vast areas separating outlying re-sighting positions from primary use areas. In contrast, the MCP was strongly related to the distribution of the outermost points and was prone to incorporating areas of non-use that separated patches of highly-used habitat (Worton 1987 , White & Garrot 1990 . Moreover, the MCP method did not indicate how intensively different parts of each turtle's home range were used. Despite being a biologically less suitable descriptive statistic (White & Garrot 1990) , the MCP method is, however, a more widely used and comparable home range estimation approach (Gallerani-Lawson & Rodgers 1997). We therefore recommend that future sea turtle home range studies employ at least 2 home range estimators and that 1 of these be the MCP technique, to facilitate comparisons with previous studies.
Conservation implications
Historic records indicate that Bahía de los Angeles supported a green turtle population considerably larger than that present today (Caldwell 1963) . Despite decades of legal and illegal harvest (Caldwell 1963 , Cliffton et al. 1982 , Seminoff 2000 , our study indicates that green turtles continue to reside at this coastal foraging area. Although the widespread re-sightings show that multiple sub-regions within Bahía de los Angeles are visited by green turtles, the preponderance of home range activity centers at El Bajo indicates that marine algae pastures of this sub-region provide the most critical habitat. The results of this study suggest that increased human activities may adversely impact the health of this foraging system. Although Bahía de los Angeles has a long history of net fisheries that have been shown to cause substantial green turtle mortality (Seminoff 2000, authors' unpubl. data) , of perhaps greater threat is the habitat degradation resulting from the recently initiated commercial harvest of marine algae from the El Bajo sub-region (J. A. Seminoff pers. obs.) and the planned development of a large-scale marina in Bahía de los Angeles (Escalera Náutica; Anonymous 2001). The ongoing and potential impacts from these human activities underscore the need to develop and implement management strategies that protect local green turtles and their food resources.
